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(54) Implant for the controlled draining off of cerebrospinal fluid 

(57) The invention pertains to an implant for the. controlled drainino off of 
cerebrospinal fluid, especially fcr the therapy of hydrocephalus, with a 
catheter which is positioned under the skin and whoso first rree'end < s 
led to a location in the brain from where excess cerebrospinal fluid Is 
capable of being drained off, and whose second free end is led to a 
location in the body from where the excess cerebrospinal fluid is 
capable of being taken up by the body, and with a valve that has been 
introduced into the catheter along its length. In order co create 
further adjustment possibilities and/or monitoring possibilities for the 
implant, a network unit is provided to which a flew sensor is connected 
which meaoures the quantity of fluid flowing through the catheter per 
unit time. 
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Specification 



The invention P«rtain 8 to an implant for th. controlled draining off of ' 
cerebrospinal fluid, especially for the therapy of hydrocephaly, in 
accordance with the preamble of Patent Claim 1. r*"ocep..aiue, in 

The term -water on the brain" (hydrocephalus ir. Latin) is understood to mean 
the disease which comprises'-an increased accumulation of cerebrospinal fl"" 

•™ow- lnt ^ 10r °5 th ? 8kuU - In thls the sensitive equilibrium 

involving the production of cerebrospinal fluid and its uctake ~s di ar-.m^H *~ 
that Co cerebrospinal fluid is permanently intermittent W or occa^cna^v 
under an abnormally elevated increased pressure. lccenc -y ° r ©wcas-cnal.y 

It is known that one can implant a drainage system, that Is termed a "shurt" 
for the therapy of hydrocephalus. The objective Is pressure normal! ratio" bv 
creating controlled drainage. In this connection, the Shu" forms a unit ' 

th5Sh 1 S.'JSlf e aS5 E* h ^ 1Ve - K fhe flrSt f " e end of i SS»J^S ^d 
through the skull and the hard cerebral membrane and into the interior o' the 

brain, whereas the catheter constats of a stiffened material at its hu- 
ll** t^i t ca 5 heter changes over into a silicone tube -t the up^e-'edqe of 
the skull, whereby the silicone tube cax, be posit ioned f UxiolJ n he body 

Sratnlno'off^f^ 0 ^ al 2 n9 ltS ? en 9 nh < d Prides pressure-controlled V ' 
draining off of the cerebrospinal fluid. 

The valves that have been used so far are a kind of safety valve wh'ch bloc)- 

s5re-e C Tnre^ed £ inio id - '° r *^ 1 *' v * lv <* «• ?n wMcha 

sphere .s pressed into a cone by means of a sprino if a certain -irc^,,^ -.f 

the cerebrospinal fluid has built up at the inlet'of the vatve? then the 

; n P J?"'V ut Z £ t ke cene *9 <linst the force of the „ that 
liquid can flow through the valve, in the case of certain valvel. a 
mechanical adjustment possibility from the outside is also provided with which 
the opening pressure at which the valve opens for drainincoff ztl 

Reve^r?! 1 ^ in ^ d ' 1£ Cap ^ e ° £ bein9 justed within coarse ranges. 
Reverse flow n the inverse flow direction is prevented by the seating of the 
valve sphere in the cone. The prevention of reverse flow is necessary sirce 
ever one drop of blood could cause complete sticking in such a mechanicfllv 

Thus"t C i^ "* thU8 makc Che valve "capable cf functioning * 

l^l 7 •!•<>. known that one can provide a widened region .in the silicone 
If I resul- C of R ™ tit™ ""t" 1 ™* 1 "on-return valve in front of the vaive. 
that rrrp^enrcan'tnen^'remlvld'.^ 6 """" ^ 

The positioning of the valve in the body is, in principle, arbitrary 
However, it has proven to be advantageous to insert the valve under th» skin 
behind the ear. The second free end of the catheter, which leads LIv'froT 
the valve, is led from there under ctvs s*in *ad into Chi abdor.tna^ cavi'y 
where the excess cerebrospinal liquid can be taken up by the body! 

Such shunt .systems have been implanted for virtually <o years 'or th» -herac 
of hydrocephalus. However, known shunt systems do not operate' reliab- y b" Pj 
exhibit over-drainage or under-drainage during everyday operation 

Over-drainage produces emptying of the interior of the brain and leads as 5 
can"Sd n ^' t n° 6 P? nCan « ou ! feeding und headache. In addition? ov«-drainaoe 
SI™ ?„ fn collapse of the interior of the brain and hence produces 
it^H central nervous system (slot valve syndrom-). Cnder-dra • nage i 0 

«V~suU It XI'.SKiS*,!! ^^'f^nage is produced, on the one hand. 
• e !"" °} th * exiting type of valve constructions themselves. Thus 

vaxues on the ^r"'^^^ eet l° S * Xhifcir a ra ^ e Cf opening pressure 
values, on the other hand, however, the optimum opening pressure, which is -c 
5* *• "dependent on the individual patient in question and it clnnoc be 
ll ZE IS V,? K C ° f th t i^ntation of the shunt system. A further probten 
d f « p ?'S h W ° £ t ^ e h ^ rauli c characteristics of the implant to che 
different bodily positions. Thus, cn straightening the body the pressure n 
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lu e ^Tz n faIl8 , bu ^ ^additional pressure gradient ie created as a result of 
the difference in height between the inlet and the outlet of the catheter 
which leads to the abdomen. However, even at this pressure value, the valve 
should drain off oruy the quantity of liquid which is precisely necessary. 
In cotal, the physician who is providing treatment therefore has only very 
limited possibilities for diagnosis or therapy after the implantation. Non- 
optimal adaptation of the valve to the patient or malfunctioning can be 
recognized only by oymptomatic complaints e.g. headache or by means of a 
computer tomogram in an advanced state of ill-health. Even in the case of 
valves with the possibility for adjusting the opening pressure mechanically, 
only very inaccurate data are available to the physician as to hew he should 
set up the new opening pressure, m most cases, only a renewed operation 
remains as the last possibility for therapy, whereby such an operation is 
always associated with heavy burdens and risks for the patient and hich costs 
for the general public. 

The task for the present invention is therefore to create an implant of the 
type which permits improved monitoring and/or adjustment cf the valve even 
after its implantation. 

This task is accomplished by the characteristic features which are listed in 
Patent Claim 1 in accordance with the invention, a measurement uni: is 
provided to which a flow sensor ha« been connected which measures the amount 
o. fluid flowing through the catheter per unit time, wherety the meASurement 
Un J" fc * d D u » t »9 and/or monitoring the valve collaborates with adjustment 

unit and/or with a control unit which is located outside the body. The 
invention also creates additional monitoring ooesibili t ies for the valve. As 
is known, the measurement of flow is not essential for monitoring the implant 
since the pressure of the cerebrospinal fluid is ultimately the decisive 
monitoring parameter. However, one has an additional possibility for 
controlling the functioning of the valve via the flow measurement. 

The flow sensor preferably consists of a defined flow resistance and a 
pressure sensor, whereby the pressure sensor measures the pressure drcp across 
the flow resistance. The difference in pressure, which is measured by the 
pressure sensor, is then a function of flow so that the flow cf fluid through 
the catheter is capable of being determined in chis way. Another preferred 
form of embodiment of a flow sensor can comprise the feature th*t the flow 
sensor consists of a compenoation regulator which conpencates the difference 
in pressure between the inward and outward flow of fluid in a measurement cube 
via a gear pump which is introduced into the measurement tube. This 
compensation principle is also suitable for the measurement of the sirall#u?c 
flow quantities. 

A further way of accomplishing the aforementioned task and for wh'ch 
independent patent protection is also claimed comprises the characterizing 
features of Patent Claim 4 . m accordance with the invention, a measurement 
un.t is provided to which a position sensor ha* been connected which measures 
the position of the body relative to the earth's avert nation vector, whereby 
tne measurement unit for adjusting and/or monitoring the valve ccllasorates 
V th " adjustment unit and/or wich a control unit which is located outside 
the body (translator: an assumed grammatical error haa been correct edj The 
difference m pressure between the first end the second free end of the 
catheter can serve, for example, as a measure of the position of the patient. 

In accordance with a preferred form of embodiment, the measurement unit and 
the adjustment unit are integrated into a telemetry unit, whereby a data 
es-abliBhiS\^™ f? d/ ° r 1 an en «9Y. transmission system is capable of being 
outsidf ?Sf k a * W e tele ™ tr >' umt * control unit which is located 
w iiW; Jl ? c ? m ? rehe " siv * concrol legibilities and/or adjustment 
Fill ^ r th * f^? Iant * re provided by the telemetry unit. Thus, in a 

to !w^ C »; ?! it * osslble =o provide a measurement unit in the telemetry unit 
to which at least one sensor has been connected for the measurement of at 
least one condition of the implant. Thus, for exanple, th* pressure at the 
first free end of the catheter and the flow through the catheter can be 
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transmitted from che co"™ unit J ,jf d i t ? Cn *: ly ' S6t - Up valu * s can be 

which are then forward to'th^ actoVe whie^a^L ^ *\ " S he - eleme "r ^ 
particular it in ki« ► accors which are cor.nectea therecc. Thus, in 

valve and thus to SodifJ -r W^Ei" £ h \ Valve in Che fo ™ of an »*u«m«c 
additior It io SoMihl* mC!- trough the catheter from the outside. In 

turn, be prescribed and modified via the control' uriU. 9 ' in 

™i JTSi*?* in acco ? dance w "h the invention has a series of advan-acres 

Savior It tZTTJ™* 1 im P lants ' ' rh ^ ^ is possible to dete^^tne 

reSuUr ir^rJairor^im! Ven in n ?> er ""^Z condition, and to check it at 
tcguxar intervals of time. In tha event that abnormal i c< eg in cvcrp ff 

^ r(T whi=£ serves ±; r ' °£ thl3 ' 3 SCora S* battery can be charged uo 

N . 3^,^- *ni_r. serves in parallel to a battery which is present < n che -TO'Jr <-r" 

^ Jrf : o V ll tS ,r " f ° r the SU ? ply of e ^ to theatrical anVelectronTc 

y conpcnents that are present in the implant. 

ir t o C ^ rdan ? e W t Zh 3 P re * err « d «o"n of embodiment, che valve is integrated 

r^ r> ' U ? 1C - In P a "icul. ir , the situation can be prov did that 
free end a h tele ? 8 J*y mi ' form an ^graced unit to which rh« rirsr 

™»^V n ^ th S- S S C ? nd f " e ° nd of the catheter are caoable of Deing 
"• n " d *"? " h * ch is ca P ab l« °* being implanted beneath the ski* *A 
orefer^d b ^. th % ear ° r ,^er the collar bone is regarded as being a 
prererred location for Implantation. 

ffr^ U ^H° f thC c« ebros P in ^ fluid or the pressure diligence between "he 
cerms'ol t^ir'oonst^cion' ^ ^ fa «ured in an especially smalTs?^ in 

Prov^at !ffn d c^ora^l i^lL^ 

nS«; , ~ at K™ ,lt ' " hereby Che P" vi0 ^ measured valC«'fre clpab"e of be ire 

corseted ^ t n o t T I ln thlS Way ' the data oC th * ■«"«.? Shich are ' 
t0 ^he measurement unit, can. be recorded even under evervdlv 

?V£ H i0 ? B &Rd Chey Can be "■emitted Co the control ur.it "a the Lei erne- ~, 
control unit, after which further therapeutic steps can be deterin%i!s 
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orovideftnat tif telSn^ r .,Sff £ K rred t0 ™ ° f e ^imenc. the feature is 

seats fc fn as ^rr^js^ a?^ B -22 sl^:.^ 

over ; period ot tLt l^tZ 3CCrC ^ eSe in ths me:nor >' £or ihe measured values 
over a period of time which is as long as possible. It <s e«=rn?ei«i v 

uE'XSE" F r? uti *« "e ir^lanteS in the corner unTwnich check 

the functional capability of the implant. 



In 
un 



!I t0 . con "° l th * «©* °< fluid through tha catheter by the telemetry 
-it. consideration can basically be given to thrse types of va'.vw n«ne'y 
proportional valves, switch-type vales and overflow valves, which exhibit a 
change in valve characteristics. In the case of proportional valves the flow 
me^« C S C a 8 ^h C ° ntin ?? U £ l r justed, for example, by means of a I in' d b 
t^2 3 °4i a f, h * re ' whic * t B capable of mpving in a Lur., or by sneezing ?h- ' 
tube. tl«. tU« proportional vaive la active since it requires energy "Sr 
working against the pressure of the liquid. Ir. contrast to this? sSitch-type 
valves have only a closed state and an opened state between which sw^chirq 

l? L Ce t ! C f0 ^ h ' Th f ti":.r-g relationship between c e 

determines the average flow. Thus the swltch-r.ypo valve is also an active 
valve since work has to be done against the pressure of the liquid durino 
switching. In the case of overflow valves with a change in valve " U " lng 
characteristics, by contrast, one is dealing with passive valves w -h active 
acc^nH ti Ch «.°P enin 9 P^sure. The valve itself is en 19 f « i 

the adjustment energy derives from a passive er.ergv score, fo- 
example a pre-tensioned spring. i«- 

A so-called inchworm motor, for example, is suitable as the drive unit fo«- Lh= 
various valve embodiments, whereby this motor consists of two piesoeiectri- 
supporting elements which hold or release a piezoelectric rod contra 
synchronously depending on the direction of its expansion, ^he expansion of 
the piezoelectric roo or the retaining function of the retaining elements is 
euestiL* IZtt W * PP ^ a Volta 9 e to the piezoelectric element* !n 

^?i hef P 0 ? 81 ^ 1 ^/ comprises the feature -.bat the drive unit <s er 
expandable belloyo, whereby the volume Is capable cf being cnanged as^a result 

Pnase^nsi'tlof % "*2 lu " ^ iS * nCl0Sed in ^ bellows The 

phase transition can be produced e.g. by heating so thac the valve ceatirq c=ir 

fea^rr d h»f 7*1*1*1 * f,,rrher ^LbiUty for'the drive ur.it composes the 
feature that the drive unit is a miniaturized electric motor with a self - 
restraining transmission system, whereby the self -restraining ir.nw.i-.Ioi 
mo*ement°«f C fh 3 ™*"<>°*l ^Zion of the a*:s of the rotor Into 

svst«f .SSi^S«S? ,t0a " rod : As a result of the **lf-restraining transmission 
system, additional energy does not need to be supplied for the retlinina fc\2* 

o en:r^ sco «a:?ir Tii!: dc i\^ iv i ™ u 13 •wi^xi■?,cS a ^le:^ n ^s 9 c«« ,, 

Thus i£ a possibility for adjusting the valve exists, then completely new 

^2 P rh5°"l! lbl " tlea ° Pen U? £ ° r Che Physician who is providing treatment 
since the physician can re-adjust the flow resistance of -he valve af-er 
evaluating the measurement data that are transmitted by the teremet*/ !nit 
.his can axso take pace automatically by the control unit if necessary 

Additionally or alternatively to the possibility cf adjustir-q tV valve bv ^ P 
control unit, a regulator can also be provided that -depending on at leas- 

-n.ecrated .nto the control unit or even into the telemetry unit. 
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transferal to the coat™ uni? Jan be ^esSic-ftA tho . n f cess «/ 

;n t s,*s„;iS'.jLs? uir,d ' to provide a new carget - iu * f - 

fefJur^rh^rVhf prov f dln 9 regulator could, for example, comcrise the 
di'ferenoi Lrtt regulator f? a PI regulator which converts the reouiacinj 

s-JirsiSSBii Saras s'is-ssssT.sss.rfo: s: r ilJ. p s?'s 

crovided^r !£ t W Ur 5 h * r P" Ce "«d forn of embodiment, the feature is 
provided that the telemetry ui.it and the contrcl unit hav an csr'iiat'M 
Circuit with an inductance in each case, whereby the oociUat i ng Art, «" f'l „ 
capable of being tuned by the telemetry unit for -he wander,? «P ™-~c , 1* 

^«n«i«S%S" °? th9 . tr ^ sfe « 1 <* adjustment values and that data 
M*?: 14 takes P lace ir - * contact free manner by means of induct iw cousl iro 
wfth^r ^"^r- l n * thiS Way< b *' Pactional data transferal ocwibi'* 9 
evSuacino tS <S ^F mand ^ eneZSy by Che telemetry unit. Instead of 
evaluating the information content of the transferred freouency. one car also 

serve for 'f?^"? 6 ^ r char ? in 9 U P * borage battery or a « ; , 

l ■ Uieir P*rt. for supplying energy to the telemetry unit in this 
r!«,i« J! 1 "** WC1 ? hC Cf tha telemetry^unit can be further deduced since 
SSfe f. ^ r9 -K? U 5 °5 * n energy store < which iB provided in the telemetry 
necessary 6 3 follow-up examinations which are in any ™ S 7 

l>l S?? er0 \. Uni ? 13 ex P edient ly connected to a computer system vh'c* evalua-s 
S?u« rhH val «" have been transmitted and calculates ch ' o'-u ^ ^ 

values that are to be transmitted. For example, -.be control un - «n „ni 'i- 

det^l^n^ C K er - 6t 'r and adva «ages of the invention are elucida-ec <i 
ctraw.ngs. T h„ blowing aspects are shown in these drawings. 

ffi'eilSSSy'uSST*' 10 iUueCration c£ the compete which are connected to 
rig. 2 ahnw* a block circuit diagram for the tele„. n Uy unit; 

Fig. 5 shows a schematic representation of the entire implant; 

Fig. 6 shows a schematic representation of an actor and ar. adjustment valve; 

fig. 7 shows a schematic representation of a proportional valve; 
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« snows a schematic representation o£ a switch- type valve. 
Fig. 9 shows a schematic representation of a flow sensor and 
re^lacorr 9 * of a flow sensor with a compensation 

to 9 che SaZLJ^^^SKS" 11 ?t connected 
the patient at I suitabUlocaS £ Si hV ^planted under the skin = f 
aligned with the surface of til skin ?e£&.!^ r ^, V e ? sln 9 h ° ad 3 i0 
skullcaD 4 via its fir«? ft 2 « i catheter J is lad throuoh che 

cssa ste^S**-- ------- ™%o"r.a - 



1 s 



"neorsTcord'che^if^ ». whereby' the 

flowing through the catheter 3 ^ of .the cerebrospinal fluid which is 

interior of the brain ia capable S " <: he . abdo ^l cavity or the 

whereas, by contrast th* tf?Z „ ? 7 ein ? IW *» U "<> v ia the ser.sors S and 11 

measured £ ^S^'S."^^ tt^ ""ni- Vi'* °f ^ 

connected to the telemetry unit IBe ^' the Gx "'* " nx * 8 ls slectt'Ciily 

computer system, for example. 'S" 0 ' th ° C ° nCrCl UniC can consisc °* ■ 

life L2S/o?TL2JSSl?3K- a f .^HrKV-i^J ?" 

t^measuSfn g^iT^ X S? 1^1?^ ^^"^^^^ 
forwarded to tta regulate? 2? fiSlho ^V± M the sensors are th?n 

The regulator 21 convert, til measured values £om^hrl 0:>mPUter UnU 22 ' 
into a target value on th* hl«l« It Z? alues fro™. Che measurement ujut 20 
as a function of the prescriSed \lL H s »"«P«""ng regulation -lyorithn and 
the adjustment an" 23 M.? /'* l ? e * nd the cat 9 e - val «e m fed co 

in qu es tior n whicn\s 3 S u PP Hed d %T egSator STiS an" • d ?- J "~» s va -»* 
means of a r*</-»i «. i recjaiacor 21, into an analog value bv 

8, alteration of the flow resistance c ,f ?h» ^ , A V r6SUU 0f = he actC1 " 
with rig. x so that in tul! lit f! ° f the valve 7 take P-«ces in accordance 
11 chanfe LI thus the reo^rfn 6 m f aeurem f nt parameters of the sensors 9, 10, 

5 5SS3.-3B5S H . ? S 2^ 
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tetJeen thTco'ntrofunif til * *" this —«••««». ^ ta tr«.«t 

transfer^Tdata^roTthl iSjKS^Ie^'?!: '~ Ch « 

osciHatLg cUcu" vnic^is for^ ? f t 4*' frequency of the 

the oscillating circuit result of this, the resonance frequency of 

Sa<a'^ 

, oduUted in r>,r nSin3 ^ ead The "sonance frequency, which £» been 

vottag civerSer ^the'foK^V'" J* /and via Si frequency 

tage converter in the fonr. of an analog voltage to the control unit 13 . 

rig. 4 shows r.hfl principle of th« »ic(.<-^-,v«' _j .._..«,. ,. 

• scoriae" Ci" Fl""."" «*«•«• P l«ce .n.logou.ly 

<lllsL-,H ;? f y Unit and che valve fc>rm «a integrated unis 51 which as 

Thl"-«! h °r" * 6cnemaclc representation of an acccr 8 and a passive val-e 7 

cha°actIri«l« pU rl t0 th ? Cerwinals « *« order to adjust the valve 

op;ning C preasur4 ? L'cm'c.e"" " by P B . It™;** 

shaft drives a smnoie 81 w th * ! ! l " dl ; e " cwr « rtt K0 ^r 80 whose 
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between the inlet .3 the ou c let^7^ s canablf JV? at Che " CW « 3 ""-"^ 
adjusting the valve seating 64 capable of being cnanged by 



XS& 2=3.1: 

Fig. s show a schematic representation of a flow npnsnr Th« fi nu . ,-™„,sv. 
consists ot a measurement tube 100 in which a flow resistance IS? 2°* 

measured via the flow resistance 101 t>^ Hif< d > a n^« :~ , °P *« 

sks: sss-j' sStSsasr- 1 - «^.?r y 

? y a -™i>«»lMion «y S c«i 11! ana an electric ■»!« ill r„'.„ 

preferably equal Co zero .0 that, via the gear pump? che rlouletor ifo 

sen^iiT *S di " ereflCe in P™»ur. which Loured by 9 the pressure 
sensor 117. The adjustment parameter 121 in this case is directlv 
proportional to the flow through the measurement tubl dirQCtl >' 



Patent claims 



S*S tocaacrL^fbrairf^ 10 ^ th4 Rkin Whose firsc £re * •»* l« 

beino Sr a <i!2 i?# *, raln ft0,n whcr ' axc «« cerebrospinal fluid is capable o* 
oeing drameo off and whose second free end is led to a 'ocation "n r^hAn,, 
from where, the excess cerebrospinal fluid is capable^ be!ng l ?aken up'by^L 
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3. implant In accordance with Claim 1, characterized by the feature that 
the flow censor consists of a compensation regulator which compensates for the 
difference in pressure between the inlet and outlet of a measurement tube /is 
a gear pump that is introduced into the measurement tube. 

4. Implant in accordance with the preamble of Patent Claim l, characterized 
by a measuring unit to which a position sensor has been connected and which 
measures the position of the body relative to the earth's acceleration vector, 
whereby the measuring unit collaborates with an adjustment unit anc/or a 
control unit which is located outside the body in order to adjust and /or 
monitor the valve. 



5. Implant in accordance with one of the Claims 1-4, characterized by the 
feature that the measurement unit and the adjustment unit are integrated into 
a telemetry unit, whereby a data transmission system arid/or an energy 
transmission system is capable of being established between the telemetry unit 
and a control unit which is located outside the body. 

6. implant in accordance with one of phe Claims 1-5, characterized by the 
feature that the valve is integrated int.©' the telemetry unit. 

7. Implant in accordance with one of the Claims 1-6, characterized by the 
feature that a pressure sensor has been connecte-i to the measurement unit, 
whereby the pressure sensor measures the pressure drop across th* valve. 

B. implant in accordance, wl r.h one of the Claims 1-7, characterized by the 
feature that a pressure sensor has been connected to the measurement unit, 
whereby the pressure *enser measures the absolute in the brain. 

9. Implant in accordance with one of the Claims 1*8, characterized by the 
feature that a pressure sensor has been connected to the measurement unit, 
whereby the pressure sensor measures the difference in pressure between the 
first and the second free end of the catheter. 

10. Implant in accordance with one of the Claims IS, characterized bv the 
feature that the telemetry unit has a computer unit which evaluates the* 
measured values, which are determined by the me.a*urm*nz unit, on che basiii of 
prescribed target values. 

11. Implant in accordance with Claim 10, characterized by the feature that 
test routines are implanted in the computer unit, whereby the test routines 
check tne functional capability of the implant. 

12. Implant in accordance with Claim 10, characterized by the feature that a 
memory for the measured values has been integrated into the me^surcTsnt unic 
whereby previous measured values are capable of being stored in th* memory 

unit. *~ ' 



-3. Implant in accordance with one of the Claims 1-12. characterized by the 
feature that the valve is a valve which is capable of being controlled 
electrically by the adjustment unit. 

14. Implant in accordance with one of the Claims 1-13, characterized by -h- 
feature that a regulator has been provided which, depending on at least o-.* 
measured status parameter of the valve and on* prescribed target v*'u- 
determines an adjustment parameter for the adjustment valve in such a lay fiat 
the drainage characteristics of the cerebrospinal fluid correspond cc the 
target value. 

15. implant in accordance with Claim 14, characterized by the feature tha- 
tne regulator is integrated into the control unit. 

16. implant in accordance with claim 14, characterized by the feature that 
the regulator is integrated into the telemetry unit. 
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fI a rnrfTw t ,i2 accorda " ce with °™ of the Claim* 14-16, character! r ed by the 
feature that the measured status parameter is the pressure Df the 
cerebrocpinal fluid in front of the valve and that Che regulator is a *>j 
regulator. 

featuri"?^^ !f?? rd f nce "- th °2 9 ? £ th « c: * ims i' 17 ' characterized by che 
feature that the telemetry unit and che control unit nave ar. oscillating 
circuit with, in each case, an inductance, whereby the oscillati™ circuit 's 
capable of being tuned by the telemetry unit for tfco transfer of measured 

unit in the case of the transfer of target values, and that data cratutfec 
takes place without contact being made via inductive coupling u£ the 
inductances. r 

thl .n^Ei*™" * cc J r ?* nc ; with cl *l™ 18. characterized by che fe.ar.urfi th*r 
the energy content of the frequency, that is transmitted from the control ur.it 
to the telemetry unit, charges up a storage battery and/or a capacitor for 
supplying energy to the telemetry unit. F 

€ page (a) of drawings [are attached] hereto 



11/03/9* 11:04 97AJ73.2333 „ . . CTR NEUROSURC 



DRAWINGS PAGE 1 Ml!m >,^ 4 

Number: 0 * 196 54 590 XX 

Int. Cl.«: A 61 M 27/00 

r . . Date laid open to 

^>^^ pufclic inspection: 



June 18 # 1999 




KEY TO FIGURE 1 

Haat 

Telemetrieeinheit 



Fig. 1 



skin 

telemetry unit 
p 



3 ~ Us«™*or 
4~ 



HU53S3 



MeaetahaHL-jU Reglor U » 



Reglor steiteinheit 



1 



43 



Spefcher- und 
Rach&nsfnheft 



T 



Kommunlkaflons. 
Bnhelt 




KEY TO FIGURE 2 

Sensor 

MclSeinbeit 

Regler 

Stelleinheit 
Aktor 

6peicher- und Recheneinheit 
Kommunikationse.inheit 



sensor 

measurement unit 
regulator 
adjustment unit 
actor 

memory and computer unit 
communication unit 



rig. 2 



11/03/88 11:04 FAJ^973 972 2333 



CTR NEUROSl'RC 



®C14 



13 



DRAWINGS PAGE 2 



Number: de 196 54 990 Al 

Int. Cl.*: A 61 M 37/00 

Dat« laid open to 

public inspection: June 18, 1998 

A 




39 \ - i 
<. 

Key to translation of Fig. 3 
Kotnmunikationeeinheit - communication unit 
Kontrolleinheic « control unit 

rig. 3 J {Vwt- p^-y.^. c^i^l. .y /7u_ itUa. o/ /-i ,.^.1 t*s\ - 

I 




Key to translation of Fio\ 4 
Kommunikationseinheic * communication unit 
Kontrolleinheit « control unit 



rig, 4 



11/03/98 1 1 ; 05 f^^l 973 972 2333 



CTR NEUROSUR; 




rig, 5 



1 1/03/96 11:05 FJ^L 973 972 2333 CTR NEUROSlRGj^ i&0!u 



15 



DRAWINGS PAGE 4 Number: DB l96 5 < 990 A1 

Int. CI.*: A 61 M 27/00 

Date laid open to 

public inspection: June i&, 19S6 




Fig. « 



11/03/98 11:06 B^tl 973 972 2333 



CTR NEUROSl! 




'03/9* 11:06 FAJ^k973 972 2333 



CTR NEIROSI RG 



3) C i s 



17 



DRAWINGS PAGE 6 



Number! DS 156 54 990 Al 

Int - Cl.*i A 61 M 27/00 

Date laid open to 

public inspection: June 18, 1998 



r 



Oruckaansor 



r » 



V 



Key to translation of Fig. ? 



Drucksensor 



pressure sensor 



rig. 9 




^ J' 

.....0 



I-' .ft- 



Key to translation of Fig. 10 
vc * - before 

fLach - after 

risr. 10 



/ 



